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DNA microsatellites are abundant, uniformly distributed, hypervariable, co-
ant and highly reproducible. They are a powerful and informative method to
genetic relationships and genotype identity. We used nine microsatellites
4, WGA33, WGAB0, WGA147, WGA148, WGA204, WGA221, WGA256,
75) originally isolated in black walnut (Juglans nigra L.) to characterize six
sian walnut cultivars; four from Europe (‘Malizia’, ‘Blegiana’, ‘Parisienne’ and
nquette’) and two from the U.S. (‘Serr’ and ‘Hartley’). The microsatellites
lified a total of 43 putative alleles. The number of alleles per locus ranged from
o eight, with a mean of 5.3, and a molecular size range from 130 bp to 296 bp.
- eight microsatellite loci were sufficiently polymorphic that unique genotypes for
cultivar were easily discernable. There are many potential applications of micro-
tes to walnut genetics, including pedigree analysis, breeding, population genetics,
mplasm management, pollen flow analysis, and cultivar identification.

ODUCTION
Simple sequences repeats (SSR) are now commonly used in evolutional and
rvation studies as well as in breeding programs (Brown et al., 1996). SSRs are
lemly repeated DNA sequences of two to six nucleotides. The most common repeat
s are (CA), and (TG), and they were also the first ones abundantly found in human
mes (Liu et al., 1995). Microsatellites are dispersed throughout the entire genome,
ominant, and show a high level of polymorphism. Many studies observed the presence
f SSRs in plants (Zhao and Kochert, 1992; Koebner, 2001) and other eukaryotic
enomes (Hamada et al., 1982), demonstrating their informativeness and usefulness. In
e last decade, because of their advantages, many authors have used SSR markers to
“understand the genetic variability and genetic relationships within crops such as tomato
~(He et al., 2003), pear (Yamamoto et al., 2002), coconut (Meerow et al., 2003), and peach
Dirlewanger et al., 2002). They allow genetic analysis in any season. For these reasons, it
ow common to use SSRs together with other characters for cultivar identification.
4 Microsatellites are particularly useful for studying the genetic of populations
@Wal‘burton and Hoisington, 2001), knowing and understanding the genetic structure of a
%)pulations is useful for developing an optimal strategy for in situ conservation (Gomez
et al., 2004), to inform breeding programs (Portis et al., 2004), for Denomination of
- Protected Origin certification (Gemas et al., 2004), or to better understand how the
andraces adapt to different ecological and environmental stresses (Farid et al., 2000).
. In the present study, our purpose was to use the power and informativeness of
microsatellites method to study the genetic relationships among and genotype identity of
SIX cultivars of Juglans regia.

J,MATERIALS AND METHODS

f‘?lant Material
In this work we describe six Juglans regia cultivars belonging to the walnut
germplasm collection of the Istituto Sperimentale per la Frutticoltura (ISF-CE) (Table 1).
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Four genotypes were walnut cultivars from Europe [‘Blegiana’ (B), ‘Malizia’(\M
‘Parisienne’ (P), ‘Franquette’(F)], and two were from the US [‘Hartley’(H), *Serr’(SR)].

DNA Extraction

Young leaves were ground in liquid nitrogen, the DNA extracted and stored at .
80°C. The extraction protocol of Doyle and Doyle (1987) was modified as follows: 1
frozen, ground leaves was added to 10 ml of preheated (50°C) 2x CTAB buffer (
CTAB, 50mM DTT, 0.3% p-mercaptoethanol, 1.4M NaCl, 100mM Tris, 20mM ED
pH=8.0) and incubated at 65°C for 30 min. The aqueous solution was extracted with
ml (24:1) chloroform - octanol, centrifuged 15 min at 13000 rpm, and the aqueous la
retained. Two volumes of 100% cold ethanol were added to precipitate the nucleic acids,
The precipitate was spooled, washed with 0.2M ammonium acetate in 75% ethanol ang
air-dried for 5 min. The pellet was then resuspended in 500 pl of 65°C preheated H,O &
treated with 125 pl (10 mg/ml) RNase at 37°C for 30 min. The DNA was precipita
washed, dried, resuspended in 250 pl H,O and quantified in a 1% agarose gel stained with
ethidium bromide (10 mg/ml) against DNA lambda standards. -

SSR Primers and Amplification

As an initial screen, primers designed from the sequences of clones from
enriched (GA/CT)n library of J. nigra partly described previously (Woeste et al., 20
were used to amplify genomic DNA of J. regia cultivars. Amplification products fr
these reactions were separated on 2% agarose gel (not shown). Nine pri
combinations that produced clear and polymorphic products without artifactual
(WGA4, WGA33, WGASB0, WGA147, WGA148, WGA204, WGA221, WGA2
WGAZ275) were selected to amplify the genomic DNA of the Persian walnut cultivars,

PCR reactions contained 3.3mM MgCl,, 0.10mM dNTPs, 0.5 unit Tag polyme
(New England Biolab, Beverly, MA), 0.4uM unlabelled primer (reverse), 0.4puM forw
primer labelled with Hex, Ned or 6 Fam consistent with matrix D on an ABI 377
automated sequencer (Applied Biosystems, Foster City, CA), 0.4% BSA, and 15ng DNA
template in a final volume of 10 pl. Thermal cycling conditions were as follo
denaturation 5 min at 95°C; 35 cycles of 1 min at 94°C, 1 min at 55°C and 2 min at 72
and final extension 10 min at 72°C. Each amplification included a negative coni
reaction without DNA template. To prepare samples for loading, every amplification
diluted up to 1:4 in water and then 1.0 pul PCR product was mixed with 0.5 pl b
dextran, 2.5 ml formamide, and 0.5 pl Tamra 500-labelled molecular size standard.
PCR products were combined into two gel sets. Products within a gel set could
multiloaded to run in a single lane using a CAL 96 paper comb (The Gel Company,
Francisco, CA) (Table 2). The samples were denatured at 94°C for 1 min before loading
onto an ABI 377 sequencer (Applied Biosystems, Foster City, CA ) and electrophore
in the 6% polyacrylamide gels under denaturing conditions [7 M urea, | X TBE buffer
(90 mM Tris borate, pH 8.3, and 2mM EDTA)]. DNA fragment length were analyzed with
the software GENESCAN (Applied Biosystems, Foster City, CA). Three replicate
experiments were carried out for each SSR primer pair-genotype combination.

Evaluation of Polymorphisms and Data Analysis

The SSR allele composition of each sample was determined and the CONVERT
(Glaubitz, 2003), MICROSAT (Minch et al., 1997) and PHYLIP (Felsenstein, 1989)
programs were used to analyse the data and to construct a neighbor-joining dendrogram
based on allele frequency data calculated by Nei’s genetic distance (Nei, 1972).

RESULTS AND DISCUSSION

All loci detected by a single primer pair were polymorphic among the samples
studied. Each sample had just one or two alleles at each locus. A total of 45 alleles were
detected with a size range of 130 — 296 bp. Twentysix alleles were private to single
individuals. The number of alleles per locus varied from two to eight, with a mean of 5.0-
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rable 2). The highest frequency allele (57.0%) was the 200 bp allele of WGA256, while
alleles with lowest frequency (8.0%) were 132 bp and 186 bp amplitied by WGAS0.
most polymorphic locus was WGA221 with eight alleles. Table 3 represents the
¢ distribution observed at nine SSR loci and among the six cultivars.
The power of the loci to uniquely each genotype varied; the number of unique
erns per locus ranged from one to six, with an average of 3.1. WGA221 produced a
allele combination for all six cultivars, while WGAB80 produced only two patterns,
for ‘Blegiana’ and another for the other five cultivars (Table 3). The number of
alleles per sample varied from two (‘Parisienne’) to seven (‘Blegiana’), with a
7 of 2.8, thus ‘Blegiana’ could be distinguished from other cultivars at six loci
Ad, WGA33, WGAB0, WGA204, WGA221, and WGA275), but “Parisienne’ in
ee loci just (WGA33, WGA221, and WGA256) (Table 3). A unique SSR genotype was
erated for all samples. The Nei’s genetic distance among samples was calculated on
basis of allele frequency data, and the cluster analysis was generated using the
hbor-joining algorithm (Fig. 1). The structure of the tree was tested by 1,000
aps. The unrooted tree organized all the cultivars in well separated branches.
Variety identification was, historically, based on phenotypic analyses, but in the
ten-years the need to develop DNA markers to monitor the genetic diversity among
vars has been considered an important goal. In fact the molecular characterization of
ars offers a quick and reproducible assay not influenced by environmental
itions.
SSRs are easy to use, codominant, and they require only a small amount of DNA.
analysis is robust and transferable. They permit a high throughput, being easily
automated using capillary electrophoresis systems with fluorescent detection, and they
e more and more used in plant genomic studies (Liu et al., 1996). Several reports have
own that SSRs are a good way to evaluate the genetic relationships among cultivars
nza et al., 2004) due to their high level of polymorphism (He et al., 2003). In fact, the
erage number of alleles per locus in this study was 5.0, much higher than 1.3 and 3.9
ted in Juglans regia with RAPDs (Nicese et al., 1998) and ISSRs (Potter et al.,
2002), respectively. It is worth noting that the high number of private alleles detected
using the microsatellites in this study (twenty-six) allowed the determination of a unique
SSR genotype for all the analyzed cultivars. Even more interesting is the observation that
ingle SSR locus uniquely identifies all the cultivars included in this study:
The phylogenetic analysis highlighted the genetic distance among the cultivars,
acing each very far from the others. These results confirm the power of microsatellites
diversify distinguish Juglans regia cultivars using SSR primers isolated in Juglans

der
[11]

The microsatellites described here in combination with other published
osatellites (Foroni et al., 2005) provide a powerful tool for genetic analysis of J.

Microsatellites can be used not only for variety identification but also for
veloping an optimal strategy for in situ conservation (Gomez et al., 2004); better
tanding how the landraces adapt to different ecological and environmental stresses
arid et al., 2000); verifying paternity in breeding programs and hybrid rootstocks (Portis
» 2004); and Denomination of Protected Origin certification (Gemas et al., 2004).
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1. Name, origin, and code of plants sampled.

Name Origin Code
‘Bleggiana’ Italian B
‘Franquette’ French F
‘Hartley” USA H
‘Malizia’ Italian M
‘Parisienne’ French P
‘Serr’ USA SR

le 2. Properties of the microsatellite loci used to characterize six walnut genotypes.
ize of a specific allele that is present only in one genotypes.

T.m. Size Total  Private alleles’
(°C) range (bp) alleles  (allele size in bp)

50 225 -239 5 225=F;229=8B;231=H
50 193 — 205 6 195=P; 199=H; 203 =M
205=8B
50 130 - 188 4 132/186=8B
47 130 - 198 7 130 =F; 194 = H: 196 =SR
198=M
50 132190 3 134/194 =H
50 132 - 182 4 132=B; 160=F
47 252 - 296 8 252/256=B;258=H
260 /276 =SR; 264 =P
296 =F
50 200 - 202 2 -
50 200 — 206 4 204 = SR; 206 =M
45 26
5.0

2L
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Table 3(a,b,c). The distribution of the putative alleles for nine polymorphic microsateliite
loci in walnut.

Table 3a.
WGA4 WGA33 WGAS0
Allele (bp)
Code 225 229 231 233 239 193 195 199 201 203 205 130 132 186 188
B + + + 4+
F + + + + + +
H + + o+ + + +
M + o+ 4+ + + +
P + o+ + + + +
SR + + o+ + + +
Freq.(%) 9 9 9 36 36 36 9 9 27 9 9 42 8 8 42
Table 3b.
WGA147 WGA148 WGA204
Allele (bp)
Code 130 132 136 192 194 196 198 132 134 192 194 196 132 160 162 I
B +  + + + +
F + + +
H + + + + + 4
M + + o+ + + 4+
P + o+ + + + o+
SR + + + + + ¢+

Table 3c.
WGA221 WGA256 WGA275

Allele (bp) ‘
Code 252 254 256 258 260 264 276 296 200 202 200 202 204 20
B + + + +
F + + + + +
H + + 4+
M + o+ L4
P + + + + 4+
SR + + + + + +
Freq(%) 1l 22 11 11 11 11 11 1 57 43 45 36 9 9
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Fig. 1. Unrooted tree representing relationships among six samples obtained using nine l

polymorphic microsatellites.

213




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

